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Approaches to solutions of problems of the energy, time, Hamiltonian operator quan- 
tization of the General Relativity, the creation of the Universe from vacuum are consid- 
ered in the frame of reference associated with the CMB radiation in order to describe 
parameters of this radiation in terms of the parameters of the Standard Model of ele- 
mentary particles. 
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1. Introduction 

The measurements of the Cosmic Microwave Background (CMB) radiation temper- 
ature [1] revealed its dipole component testifying that an Earth observer (i.e. his 
"Hubble" Telescope) moves to Leo with a velocity about 400 km/c. This velocity 
can be treated as a parameter of the Lorentz transformation between a rest frame 
of an Earth observer and the comoving frame of the Universe distinguished by the 
unit time-like vector {l^ — (1,0,0,0)). 

The revelation of the comoving frame of our Universe allows us to seek expla- 
nations of cosmological problems, or part of them, with the help of the ordinary 
Laplace-type questions: What are primordial values of the cosmological scale factor 
and field variables in the comoving frame? What are the units of measurement of 
the initial data which can give us the simplest fit of all observational data? 

In order to describe the Universe creation and its evolution in the comoving 
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reference frame, we apply the Hamiltonian approach to General Relativity (GR) 
and Standard Model (SM) of elementary particles developed in the case of QED 
by Dirac [2] who distinguished the comoving frame by the unit time-like vec- 
tor If^ and separated vector field components into time-like Aq = IfiAfj, and 
the space-like ones Aj. The latter are split on two transverse degrees of free- 

fx) 1 

dom*^ A\ ' = (Sij — di^dj)Aj (called the "photon") and the longitudinal part 
A^"-* = di^djAj which together with the time- like component Aq form the gauge- 
invariant Coulomb potential Aq"'"'' — Aq — do^djAj. Dirac [2] called these gauge- 
invariant functionals A'q'\ A'j^\'^'^^'> = exp{ie-g-5j as the "dressed" fields 
(where e is a coupling constant). We can quantize only two gauge-invariant transver- 
sal components, while the instantaneous Coulomb potential A^^ forms instanta- 
neous atoms and molecules'^. 

In the context of a consistent description of bound states and collective evolution 
of the type of cosmological expansion, one can ask what the instantaneous Newton 
potential and the operator quantization of GR are, if the cosmological evolution is 
considered as one of dynamic variables that can be quantized? 



2. Hamiltonian Approach to GR in Finite Space-Time 

Einstein's GR [6] is associated with Hilbert's action [7] 



Sgr[^o\F] = J d^xV^g 



2 

-^i?(ff)+£(M) 



(1) 



where <po = -M^pianck-\/3/87r is the Planck mass parameter. Recall that Hilbert 
[7] formulated GR so that Einstein's generalization of the Lorentz frame group 
.x^ x'^ = x''(.t'') becomes a gauge group. There is the principal difference between 
the frame transformations and the gauge ones. Parameters of frame transformations 
(of type of initial data) are treated as measurable quantities, whereas parameters of 
the gauge transformations are not measured. Gauge symmetries lead to constraints 
decreasing number of degrees of freedom. 

In the context of the problem of the initial data one needs to separate the 
frame transformations (here the Lorentz ones) from the gauge transformations 
(here the general coordinate ones). Just this separation is the main difference of 
the Hamiltonian approach to GR considered here in finite space-time [8,9] from 
the Dirac - ADM one [10]. This separation can be fulfilled by using the gauge- 
invariant components of Fock's symplex defined as ds^ = g^i^dx^dx" = 



^We shall use symbols of the Laplacian A = 9^ and d'Alambertian □ = 9q — A determining a 
difference between the potential AAq = — jo and degrees of freedom OA^. = —jk- 
''Recall that the Faddeev-Popov heuristic quantization [3] in the frame free "Lorentz gauge formu- 
lation" leads to photon propagators having only the light cone singularities. In fact, Faddeev [4] 
proved the equivalence of this frame free gauge formulation with the Dirac operator quantization 
[2] only for the elementary particle scattering amplitudes [5], which do not depend on initial data. 
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'^(o)'^(o) ~ '^(b)^(b)\ ^(a) = e{a)vdx" where e(^a.)u are the Fock tetrad the com- 
ponents of which arc marked by the general coordinate index without a bracket 
and the Lorentz index in brackets (a) [11]. 

The choice of the time axis = (1, 0, 0, 0) as the CMB comoving frame allows 
us to construct an irreducible representation of the Poincarc group by decompo- 
sition of Fock's vector simplex field in accordance with the definition of the 
Dirac-ADM Hamiltonian approach to GR [10] 

a;(o) = ^<^Afdc;a;° = = + iVMa;°) = (2) 

where A''* is shift vector, is Dirac's lapse function, ij) is the spatial metric de- 
terminant, e(6)j is a triad with the unit determinant |e) = 1, and '^[o)' ' '^(6)^ 
the scale-invariant Lichnerowicz simplex [12] forming the scale-invariant volume 
dVo = (j'ff^ A ^^2)^ A Lj'^^^ = d^x^^^ that coincides with the spatial coordinate vol- 
ume. 

It is well known [13] that the Hamiltonian approach to GR is invariant with 
respect to the general spatial coordinate transformations a;° — > J° = and 
— > p = x^{x°,x^). 

The gauge invariance — x^ (x" , x^ ) allows us to remove longitudinal 

components of tensor triads e(b)j aiid keep two transversal gravitons distinguished 
by the constraint die^^^^^' ~ in complete analogy with the Dirac construction of 
QED with the one-to-one correspondence [^q'^^ A^"^^] —^ e|^j^^]. This means 

that the spatial coordinates and the Lichnerowicz finite volume Vq = J d^x^^^ = 
J d^x can be identified with gauge-invariant observables. 

The invariance of GR in the finite volume Vq (considered in the modern cosmol- 
ogy for description of the Universe evolution) with respect to the reparametrizations 
of the coordinate evolution parameter: x'^ ^ x'^ = x'^{x'^) [13] allows us to convert 
one of variables into the time-like evolution parameter in the comoving frame. This 
means that the coordinate evolution parameter x° is not observable. Wheeler and 
DeWitt [14] proposed considering the reparamctrization invariance in GR by anal- 
ogy with Special Relativity (SR) , where the role of a timelikc variable is played by 
one of the dynamic variables Xq in the World space of events [Xo|Xfe]. 

Wheeler and DeWitt [14] proposed considering the reparamctrization invariance 
in GR in a similar manner, i.e. they proposed to generalize the construction of rep- 
resentations of the Poincare group to the field space of events in GR, where the role 
of reparametrization-invariant evolution parameter (i.e. a time-like variable in the 
field space of events) is played by a cosmological scale factor a(x°). This factor is 
separated by the scale transformation of all fields with a conformal weight n includ- 
ing the metric components F = a"(a;'')F("), g^^, = a? {x^)'g ■ This transformation 
keeps the momentum constraint Tq = Tq = 0, so that the cosmological scale factor 
a{x^) can be considered as the zero mode solution of the momentum constraint. In 
order to conserve the number of variables in GR, the logarithm of the cosmological 
scale factor is identified with Lichnerowicz spatial averaging the spatial determi- 
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nant logarithm log a = (log^^) = ^ J (fxlogijj^. This finite volume generalization 
of the Dirac-ADM approach [10] was called the "Hamiltonian cosmological per- 
turbation theory" [9] ^. This approach demonstrates that the naive perturbation 
theory 17^1^ = + where the coordinate evolution parameter x° is iden- 

tified with measurable quantities, is incorrect because this theory contradicts to the 
gauge symmetry of GR. The definition of a measurable gauge-invariant coordinate 
evolution parameter in GR in finite volume will be considered below. 

A scale transformation y/^R[g) = a? ^/^R(g) — Gadg 
action (1) into 



-5 5°° 



converts 



S = S- 



Vb 



where S is the action (1) in terms of metrics ]) and the running scale of all masses 
ip{x^) = ipoa.{x°)- The variation of this action with respect to the new lapse function 
Nd leads to a new energy constraint 

Spatial averaging the square root ^^T^ = ±[d(p/{Nddx^)] over the Lichnerowicz 
volume Vq = J d^x gives the Hubble-like relation 

C(±) = J dx'iN^Y' = ±fj d^/{{f^)'/'), (5) 

where {F) = Vq-^ J d^xF and (dC)"^ = {{dx°Nd)-'^) is an inverse time-interval 
invariant with respect to time-coordinate transformations x'^ ^ x'^ ~ x'^(x'^). We 
see that the Hubble law in the exact GR appears as spatial averaging the energy 
constraint (4). Thus, in the contrast with the generally accepted Lifshits theory 
[15] its Hamiltonian version [9] distinguishes the time-coordinate x° as an object of 
reparametrizations from the reparametrization-invariant time interval (5). 

Just this distinction help us to separate the local part of the energy constraint 
(4) and determine unambiguously the gauge-invariant Dirac lapse function 

iVinv = ((iVd)-^)iVd = ((r°)i/2)(T°)-i/^ (6) 



'^The separation of the cosmological scale factor is well-known as the "cosmological perturbation 
theory" (where ip = 1 — ^/2, tj^^N^ = 1 -|- 3>) proposed by Lifshits [15] in 1946 and applied now for 
analysis of observational data in modern astrophysics and cosmology (see [16]). However, in this 
theory, the scale factor is an additional variable without any constraint for the deviation so 
that / d^x'i! ^ 0, and there axe two zero Fourier harmonics of the determinant logarithm instead 
of one. This doubling does not allow to express the velocities of both variables log a and / d^x'i 
through their momenta and to construct the Hamiltonian approach to GR [8,9]. 
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The expUcit dependence of Tq on ■;/' can be given in terms of the scale-invariant 
Lichnerowicz variables [12] J^^^ = = 

fo = V^^Av;+^V^V/2-V,, (7) 
I 

where A'0 = (4(p^/3)9(b)9(;,)'0 is the Laplace operator and t/ is partial energy 
density marked by the index / running a set of values / = (stiff), 4 (radiation), 
6 (mass), 8 (curvature), 12 (A-term) in accordance with a type of matter field 
contributions, and a is the scale factor [8]. 

The expression (ToO)i/2 is Hermitian if a negative contribution of the local de- 
terminant momentum 

5(^0 log V) 3 ■ ^67Vd 
is removed from the energy density (4) by the minimal surface constraint [10] 

p^~0 ^ dS""^') = {i'^y [M^ =Ni{N^^)). (9) 

One can see that the scalar sector N^^^,^^|},^j\^l)^N^\ is completely determined in 
terms of gauge-invariant quantities by the equations (6), (9) and the equation of 
the local part of the spatial determinant logarithm log^'^ = logV'^ — (logV'^) 
5S 



= -T^ + (T^) =0, j d^x log = 0, 



(10) 



(5 log?/' 
where is given as 

T^\(p^=o) = INi^^ip^Aif + V^A[iVinvV^^] + ^ Ii>'a''^-^Ti. (11) 

I 

These equations are in agreement with the Schwarzschild-type solution for the 
potentials A'0 = 0, A[A^invV'^] = in the empty space r/ = 0, but they strongly 
differ from the "gauge-invariant" version [16] of the Lifshits perturbation theory 
[15]. 

The Lifshits theory [16] docs not take into account both the Dirac constraint 
(9) removing the negative energy of the spatial determinant and the potential 
scalar perturbations formed by the determinant V = 1 + (m ~ (m)) in (7), where 

V'^a^/^"V/ = E„c„(a<- (/x))"t(„), T(„) = J2iI"'0'^~'^Ti = (Tin)) + T(„) , and 
^(ri) = '''(ri) ^ {'''(n))- The Hamiltoniau cosmological perturbation theory [8,9] leads 
to the scalar potentials 

V^=l + i| d^y[D^+^{x,y)TZ]{y) + D^_^{x,y)¥-t]iy)], (12) 
iVinv^^' = l~ljd'y {x, y)Tj5 (y) + £>(_) (a;, y)T['^] (y)] , (13) 



where 



Tj5=T(o)T7/3[7r(o)-T(i)], T^±; = [7t(o) - r(i)] ± (14/3)-V(o) (14) 
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are the local currents, D(±) {x, y) are the Green functions satisfying the equations'^ 

k]D,±.{x,y) = 5^{x-y)-l/Vo, (15) 



where w^-j-) 



14(/3 ± l)(r(o)) T (r(i)), /? = y'l + [(^(2)) - 14(t(i))J/(98(t(o))). 
These Hamiltonian solutions (12) and (13) do not contain the Lifshits-type ki- 
netic scalar perturbations explaining the' CMB spcctmin in the Inflationary Model 
[16]; they disappear due to the positive energy constraint (9). Therefore, the prob- 
lem arises to reproduce the CMB spectrum by the fundamental operator quantiza- 
tion based on the Hamiltonian approach to GR. 

One can construct the Hamiltonian form of the action (3) 



S = J dx° J d^xlj2 PpdoF+C-NdT^ j - P^do^ + 



p2 



(16) 



4/dx3(7Vd)-i_ 

in terms of momenta Pp = given by (8) and P^ = dL/d{do(p) , where 

C = N^Tf + Cop^ + C(b)9fee^j^ is the sum of constraints with the Lagrangian 

multipliers N'^,Co, C^j,) and the energy-momentum tensor components T?; these 
constraints include Dirac's constraints (9) and the transversality Sie^j,^ ~ [10]. 

One can find evolution of all field variables F{ip,x^) with respect to by the 
variation of the "reduced" action obtained as values of the Hamiltonian form of the 
initial action (16) onto the energy constraint (4): 



(17) 



where C =C/dQip and </?o is the present-day datum that has no relation to the initial 
data at the beginning <^ = 









[/A ' 







3. Observational Data in Terms of Scale-Invariant Variables 

Let us assume that the density Tg — pi^Q^ {ip) + Tf contains a tremendous cosmo- 
logical background p(o) (</?). The low-energy decomposition of "reduced" action (17) 

2d<p'^^T^ = 2di^^p(o) -I- Tf = d<p 2,/P(aj + '^{/y/P(aj +••• over field density Tf gives 

the sum S\p^=+e^ = S'^osLic + 4tid + • • •> where the first term of this sum 5^+^^ = 

+2Vo J dips/ p(o){v) is the reduced cosmological action, whereas the second one is 

the standard field action of GR and SM 5^+^^ = J dC J d^x [Ef PpdnF + C - Tf] in 



the space with the interval ds^ = dC^-J2a[H«■)^id'X'+^f'dC)f■, die}^^-^ = 0, diAf' = 



''in contrast to the Lifshits theory, the solutions (12) and (13) contain the nonzero shift-vector 
Af' of the coordinate origin with the spatial metric oscillations that lead to a new mechanism of 
formation of the large-scale structure of the Universe [8,9]. 
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and conformal time dr] = d( = df/p^Q^ as the gauge-invariant quantity, coordinate 
distance r = |a;|, and running masses m{() = a{()mo. We see that the correspon- 
dence principle leads to the theory, where the scale-invariant conformal variables 
and coordinates are identified with the observable ones and the cosmic evolution 
with the evolution of masses: 

-E'emission matom('7o " r) ip{r]o - r) 1 
"F, = 7 \ — — — ^ = '^[VO ^ ^) = • 

Ea matom('7o) </5o 1 + z 

The conformal observable distance r loses the factor a, in comparison with the 
nonconformal one R = ar. Therefore, in this case, the redshift - coordinate-distance 
relation drj = d^j \/ p^iip) corresponds to a different equation of state in comparison 
with the standard one [17]. The best fit to the data including cosmological SN 
observations [18] requires a cosmological constant Qa = 0.7, ficDM = 0.3 in the case 
of the Friedmann "scale- variant quantities" of standard cosmology, whereas for the 
"scale-invariant conformal quantities" these data are consistent with the dominance 
of the stiff state of a free scalar field l^stiff = 0.85 ± 0.15, I^cdm = 0.15 ± 0.10 [17]. 
If f^stiff = 1, we have the square root dependence of the scale factor on conformal 
time a(r]) = i/l -|- 2Ho{rj — rjo). Just this time dependence of the scale factor on the 
measurable time (here - conformal one) is used for a description of the primordial 
nucleosynthesis [17]. Thus, the relative units can describe all epochs including the 
creation of a quantum universe at (p{r] = 0) = cpi, H{r] = 0) = Hj by the stiff state 
[17]. This homogeneous stiff state can be formed by a free scalar field. 

4. GR "Energy" and Creation of Universe with the Time Arrow 

The "reduced" action (17) and the correspondence principle considered in the pre- 
vious Section show us that the energy is the value of the scale factor canonical 
momentum 

obtained by the spatial averaging the energy constraint (4) that takes the form 
P^- El = 0, where E^ = 2j d^x{f^y/'^. Finally, we get the field space of events 
[if\F], where (p is the evolution parameter, and its canonical momentum Py, plays 
the role of the Einstein-type energy. 

The primary quantization of the energy constraint [P^ — -E^]\E'l = leads 
to the unique wave function of the collective cosmic motion. The secondary 
quantization = — [A+ + A~] describes creation of a "number" of universes 

< 0|^+^^|0 >= from the stable Bogoliubov vacmim i3~|0 >= 0, where B~ is 
Bogoliubov's operator of annihilation of the universe obtained by the transformation 

= aB~^+/3*B~ in order to diagonalize equations of motion. 

This causal quantization with the minimal energy restricts the motion of the 
universe in the field space of events E^ > 0,(po > (pi and E^ < Q,po < fi, and it 
leads to the arrow of the time interval C > as the quantum anomaly [8] . 
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5. Creation of Matter and Initial Data of the Universe 

The initial data (pi,Hi of the universe can be determined from the parameters of 
matter cosmologically created from the stable quantum vacuum at the beginning 
of the universe. 

The Standard Model in the framework of the perturbation theory and the op- 
erator quantization of SM [5] shows us that W-,Z-vector bosons have maximal 
probability of the cosmological creation due to their mass singularity. The uncer- 
tainty principle AE-Arj > 1 (where AE = 2Mi, Arj = l/(2ifi)) testifies that these 
bosons can be created from vacuum at the moment when their Compton length 
defined by the inverse mass Mj~^ = (aiMw)""'^ is close to the universe horizon de- 
fined in the stiff state as H^^ = (ifo)~^- Equating these quantities Mj = Hi one 
can estimate the initial data of the scale factor af = {Ho/My^)"^^^ = 10~^^ and the 
Hubble parameter Hi = 10'^^ Hq ~ 1 mm"! ~ 3K [19]. 

The collisions and scattering processes with the cross-section a ^ 1/Mf lead to 
conformal temperature Tg. This temperature can be estimated from the condition 
that the relaxation time is close to the life-time of the universe, i.e., from the 
equation in the kinetic theory ^relaxation ~ '^(^c) x cr ~ if. As the distribution 
functions of the longitudinal vector bosons demonstrate a large contribution of 
relativistic momenta [19] n{Tc) ~ T^, this kinetic equation gives the temperature 
of relativistic bosons Tc (MjHi)^/^ = {MqHqY/^ ~ 3K as a conserved number 
of cosmic evolution compatible with the SN data [17]. We can see that this value is 
surprisingly close to the observed temperature of the CMB radiation = Tcmb = 
2.73 K. The equations describing the longitudinal vector bosons in SM, in this case, 
are close to the equations that are used in the Inflationary Model [16] for description 
of the "power primordial spectrum" of the CMB radiation. 

The primordial mesons before their decays polarize the Dirac fermion vacuum 
and give the baryon asymmetry frozen by the CP - violation so that ni,/n^ ^ 
Xcp ^ 10"^, ^ oiqed/siv? 6'wcinbcrg ^ 0.03, and VLr ^ 10""* [19]. 

All these results testify to that all visible matter can be a product of decays 
of primordial bosons, and the observational data on CMB reflect rather param- 
eters of the primordial bosons, than the matter at the time of recombination. 
In particular, the length of the semi-circle on the surface of the last emission of 
photons at the life-time of W-bosons in terms of the length of an emitter (i.e. 
^w^iVL) = (c^w /'2y^^iTc)~^) is TT • 2/aw It is close to the value of orbital mo- 
mentum with the maximal AT: Z(AT„ax) ^ ' "^/o^w ^ 210, whereas (AT/T) is 
proportional to the inverse number of emitters {aw)'^ ~ 10"^. 

In relative units the temperature history of the expanding universe looks like 
the history of evolution of masses of elementary particles in the cold universe with 
the constant conformal temperature Tc = a{ii)T = 2.73 K of the cosmic microwave 
background. 

In relative units the nonzero shift vector and the scalar potentials given by 
Eqs. (12) and (13) determine [17] the parameter of spatial oscillations mj-. = 
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l-f^o [^R(-^+l)^+i^Mass(-2+l)]- The redshifts in the recombination epoch Zr ^ 1100 

1 /2 

and the clustering parameter rdust. = 7r/m(_) ~ 7r/[iJo^fl (1 + 2^)] ~ 130 Mpc 
recently found in the searches of large scale periodicity in redshift distribution [20] 
lead to a reasonable value of the radiation-type density (including the relativistic 
baryon matter one) 10~^ < Q.^ 3 • 10~^ at the time of this epoch. 

Conclusions 

The observational astrophysical data on CMB radiation revealed that our Universe 
can be an ordinary physical object moving with respect to the Earth observer 
with occasional initial data. This revelation returns us back to representations of 
the Poincare group as the basis of operator quantization that includes occasional 
gauge-invariant and frame-covariant initial data and their units of measurements. 

In order to explain the World, a modern Laplace should ask for the initial data 
of the gauge-invariant variables measured in the relative units in the comoving ref- 
erence frame of this World. The statement of the problem proposes a complete 
separation of frame transformations from the gauge ones. This separation is the 
main difference of our Hamiltonian approach to GR from all other ones. The result 
is the exact resolution of the energy constraint in terms of gauge-invariant variables 
that mean here the application of the standard theory of the unitary irreducible 
representations of the Poincare group based on the time-like unit vector that dis- 
tinguishes the comoving frame in the invariant space-time where components of 
the Fock simplex are given. Another frame means a choice of another time-like unit 
vector connected with the first one by the Lorentz transformation that leads to the 
dipole component of the CMB temperature. 

Here we listed a set of numerous arguments in favor of that the fundamental 
operator quantization can be a real theoretical basis for a further detailed investi- 
gation of astrophysical observational data, including CMB fluctuations. 

Acknowledgments 

The authors are grateful to A. Efremov, M. Francaviglia, Z. Oziewicz, V. Priez- 
zhev, and S. Vinitsky for fruitful discussions. VNP thanks the Bogoliubov - Infeld 
foundation for financial support. 

References 

[1] D. N. Spergel, et ai, Wilkinson Microwave Anisotropy Probe (WMAP) Three Year 

Results: Implications for Cosmology, astro-ph/0603441. 
[2] P. A. M. Dirac, Gauge Invariant Formulation of Quantum Electrodynamics, Can. J. 

Phys., 33 (1955), 650-661. 
[3] L. Faddeev and V. Popov, Feynman diagrams for the Yang-Mills field, Phys. Lett. B 

25 (1967), 29-35. 

[4] L. Faddeev, Functional Integral for Singular Lagrangians, T. M. F. 1 (1969), 3-18. 



1, 2008 23:33 WSPC/INSTRUCTION FILE pervushin'talk 



10 B.M. Barbashov, V.N. Pervushin, A.F. Zakharov, and V.A. Zinchuk 

[5] Nguyen Suam Han and V. N. Pervushin, Operator Foundation of Functional Integral 
in Non-Abelian Gauge Theory, Mod.Phys.Lett. A2 (1987), 367-371; H.-P. Pavel and 
V. N. Pervushin, Reduced phase space quantization of massive vector theory, Int. J. 
Mod. Phys. A 14 (1999), 2885 2308. 

[6] A. Einstein, Die Griindlange der allgemeinen Relativitatstheorie, Ann. d. Phys. 49 
(1916), 769-826. 

[7] D. Hilbert, Die Griindlangen der Physik, Nachrichten von der Kon. Ges. der Wis- 
senschaften zu Gottingen, Math. -Phys. KL, 3 (1915), 395 -407. 

[8] A. F. Zakharov, V. A. Zinchuk, and V. N. Pervushin, Tetrad Formalism and Frames of 
References in General Relativity, Physics of Particles and Nuclei 37 (2006), 104-134. 

[9] B. M. Barbashov, V. N. Pervushin, A. F. Zakharov and V. A. Zinchuk, Hamiltonian 
Cosmological Perturbation Theory, Phys. Lett. B 633 (2006), 458-462. 

[10] P. A. M. Dirac, Generalized Hamiltonian Dynamics, Proc. Roy. Sac. (London) A 246 
(1958), 326-332; R. Arnowitt and S. Dcscr, Quantum Theory of Gravitation; General 
Formulation and Linearized Theory, Phys. Rev. 113 (1959), 745-750; R. Arnowitt, 
S. Deser, and C. W. Misner, Dynamical Structure and Definition of Energy in Gen- 
eral Relativity, Phys. Rev. 116 (1959), 1322-1330; R. Arnowitt, S. Deser, and C. W. 
Misnor, The Dynamics of General Relativity, gr-qc/0405109. 

[11] V. A. Fock, Geometrisierung der Diracschen Theorie des Electrons, Zs. Phys. 57 
(1929), 261-277. 

[12] J. W. York, Gravitational Degrees of Freedom and the Initial- Value Problem, Phys. 

Rev. Lett. 26 (1971), 1656-1658. 
[13] A. L. Zelmanov, Kinemetric invariants and their relation to chronometric ones in 

Einstein's gravitation theory, Dokl. AN USSR 209 (1973), 822-825. 
[14] J. A. Wheeler, Superspace and the nature of quantum geometrodynamics, in 

Batelle Rencontres: 1967 Lectures in Mathematics and Physics, eds. C. DeWitt and 

J.A. Wheeler , New York, 1968, 242-307; B. C. DcWitt, Quantum Theory of Gravity. 

I. The Canonical Theory, Phys. Rev. 160 (1967), 1113-1148. 
[15] E. M. Lifshits, On the gravitational stability of the expanding universe, ZhETF 16 

(1946), 587-602. 

[16] V. F. Mukhanov, H. A. Feldman, and R. H. Brandenberger, Theory of cosmological 
perturbations, Phys. Rep. 215 (1992), 203-333. 

[17] D. Behnke, et al., Description of Supernova Data in Conformal Cosmology without 
Cosmological Constant, Phys. Lett. B 530 (2002), 20-26; D. Behnke, Conformal Cos- 
mology Approach to the Problem of Dark Energy, PhD Thesis, Rostock Report MPG- 
VT-UR 248/04 (2004). 

[18] S. Perlmuttcr, ct al., Measurements of Omega and Lambda from 42 High-Redshift 
Supernovae, Astrophys. J. 517 (1999), 565-586; A. G. Riess, et al.. Observational 
Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant, 
Astron. J. 116 (1998), 1009-1038. 

[19] V. N. Pervushin, Early Universe as a W-, Z- Factory, Acta Physica Slovakia 53 
(2003), 237-243; D. B. Blaschke, et al., Cosmological Production of Vector Bosons 
and Cosmic Microwave Background Radiation, Physics of Atomic Nuclei 67 (2004), 
1050-1062. 

[20] K. Bajan, et al.. In Search for Quasar Redshift Periodicity, Physics of Particles and 
Nuclei 35 (2004), 178-186. 



